ous studies of the effects of various factors on fruit development, such as hormonal regulation (Bunnger-A major issue in plant development in higher plants is Kibler and Bangerth, 1982/1983; Takeno et al., 1992) , the determination of fruit size. In order to address the cell wall loosening (Brummell et al., 1997) or sink-source mechanism, the histological observation of cells during interactions (Bangerth and Ho, 1984; Bohner and fruit development between two melon (Cucumis melo Bangerth, 1988; Ho et al., 1982 Ho et al., /1983, it is still unknown L. reticulatus) genotypes, Fuyu A and Natsu 4, was how plants regulate their fruit size.
Introduction
can modify the action of genetic factors. There are many reports describing environmental factors affecting the The regulation of fruit size is a major issue in the fruit development of plants. Although there have been numerfruit size of cucumber (Marcelis Leo and Baan Hofman-Japan) and analysed. Cell size was determined as follows: the Eijer Lutsuke, 1993), apple (Fukuda and Moriyama, length between both ends of five cells, stretched in a centrifugal 1997; Bergh, 1990; Tamura et al., 1981; Greybe et al., direction was measured, then divided into five, and these 1998), kiwifruit (Antognozzi et al., 1997) , and tomato quadrants were regarded as cell size.
( Kageyama and Konishi, 1988; Hoek et al., 1993) . However, there has been no investigation into how envir-
Results
onmental factors interact with genetic factors in the regulation of fruit development. Fruit development of Fuyu A and Natsu 4 grown in the Different melon cultivars set different sizes of fruit, early summer season (May-July, 1996) , is shown in indicating the contribution of genetic features to the Fig. 1 . The radius of the fruit increased rapidly until 3 differences in fruit size. However, the size of melon fruit weeks after pollination ( Fig. 1A ) and fruit size differences is also strongly affected by environmental conditions, between the two genotypes became apparent by the end especially the thermal conditions during fruit developof this period. Thereafter the rate of fruit expansion ment. Various genotypes of muskmelon (Cucumis melo L. reticulatus) which set different sizes of fruit were bred in Japan more than 30 years ago in order to produce the most desirable fruit size for the market all year round. Two genotypes of muskmelon, Fuyu A and Natsu 4, have closely related genetic backgrounds but their fruit size is completely different even when cultivated in the same environmental conditions. In this paper, through histological observations, it is shown that the difference in cell number constructing the pericarp is the major cause of the difference in fruit size between these two melon genotypes, and that thermal conditions have a considerable effect on cell number.
Materials and methods

Plant materials
Two melon genotypes (Cucumis melo L. reticulatus cvs Fuyu A and Natsu 4) were cultivated in a greenhouse in early summer (May-July, 1996) , autumn (September-December, 1996) , and winter (November, 1996 -February, 1997 . During fruit development, the temperature in the greenhouse ranged from 20-39°C in early summer, 17-30°C in autumn and 15-28°C in winter. In the autumn, fruits were harvested each week after pollination to measure fresh weight. Fruits of both genotypes were harvested every week after pollination for histological observations and the maximum fruit diameter and thickness of pericarps, before filiation, were measured.
Histological analysis
Each fruit mesocarp was cut into small blocks (5×5×5 mm) and fixed overnight in filiation solution (50% (v/v) ethanol, 10% (v/v) formaldehyde and 5% (v/v) acetic acid ). Fixed tissues were dehydrated through a graded ethanol series and embedded in Paraplast Plus (Oxford Labware). Horizontal sections (10 mm) were cut using a microtome, Model PR-50 ( Yamato Kohki Co., Ltd., Asaka, Saitama, Japan), and collected on silan-coated glass slides. After overnight incubation on hotplates (50°C ), sections were stained in 0.5% (w/v) toluidine-blue prior to light microscopy. Mesocarp cells were measured because the size of these cells was as same as those in other areas without peel. decreased. The radius of the ovule also increased until 3 weeks after pollination ( Fig. 1B) . The increase then slowed down and there was no difference in ovule radius between Fuyu A and Natsu 4 fruits. The average final fresh weight of Fuyu A fruit was twice as heavy as that of Natsu 4 fruit. The change and the differences in fruit growth rate and final fruit size between these two genotypes were observed whenever these two genotypes of melon were cultivated (data not shown). The change in the internal tissue (pericarp, ovule) showed that the difference in the final size of the fruit was caused by the thickness of the pericarp (Fig. 1C ) , not the ovule. The difference in the pericarp thickness between the two melon genotypes was first observed 3 weeks after pollination and it continued into the next fruit development stage.
Measurement of cell size
These observations demonstrated that the difference in fruit size between Fuyu A and Natsu 4 was apparent from the early developmental stages, and that the difference resulted in the defined thickness in the pericarp of these two genotypes. Changes in melon fruit development were then observed histologically by using paraffin sections of the pericarp tissues of Fuyu A and Natsu 4. Figure 2 shows the pericarp sections before (2 weeks after pollination) and after (6 weeks after pollination) the difference between Natsu 4 ( Fig. 2A, C ) and Fuyu A (Fig. 2B, D) became obvious. Surprisingly, pericarp cells of Natsu 4, a small fruit genotype, were somewhat larger than that of Fuyu A, a large fruit genotype, in both both developmental stages. These observations indicate that the number, not the size, of pericarp cells is essential in the determination of the final fruit size of melon.
season and that of Natsu 4 was always larger than that of Fuyu A. The estimated numbers of cells in both The average pericarp cell number in a centrifugal direction increased during fruit development in both Fuyu genotypes was reduced when they were grown in the cold season, while those of Fuyu A were always greater than A and Natsu 4 ( Fig. 3) . The increasing patterns of fruit size in Fuyu A and Natsu 4 were fitted by the logthose of Natsu 4. These histological observations of fruit cultivated in different seasons indicated that the different arithmic curves which were y=60.4log(x)+25.2 and y= 26.3log(x)+32.0, respectively. Cell proliferation actually fruit size was caused by the different cell number of the pericarp, not the cell size. stopped at a certain period in fruit development. The critical point when the slope of the fitted curve was below 0.1 cells d−1 was calculated and the period from pollinaDiscussion tion to the critical point was regarded as the period of cell proliferation for each genotype. In Fuyu A, the point Determination of fruit size in higher plants is a major issue in plant physiology. Fruit development is divided was 26.1 d after pollination, whereas, in Natsu 4 it was 11.5 d. Thus, the larger fruit size of Fuyu A was caused into three phases (Gillaspy et al., 1993) ; phase I is the period before pollination including the formation of floral by a longer cell proliferation period.
In agriculture, it is well known that the size of melon meristem and flower development: most cell division occurs in phase II: and then cell enlargement occurs in fruit is dependent on the temperature during fruit development. The fruits of Fuyu A and Natsu 4 cultivated in phase III. In this paper, the importance of regulating phase II during the fruit development of melon has three different seasons resulted in the different fruit size ( Table 2 ) although the fruit size of Fuyu A was always been shown. The size difference between fruit of the two genotypes larger that of Natsu 4 in each season. The cell size in fruit of each genotype was constant, irrespective of the became apparent by 3 weeks after pollination (Fig. 1A) . The major cause of the difference in fruit size between Fuyu A and Natsu 4 is the difference in cell number in the pericarp of both genotypes ( Fig. 2 ; Table 1 ). This difference occurred in phase II, the cell proliferation stage ( Fig. 3) , because phase II in Fuyu A was around 26 d. The length of this phase was twice as long as the phase II of Natsu 4. These data strongly indicate the involvement of the cell proliferation process in the determination of fruit size, although cell expansion may also be involved in regulating fruit size after cell division ceases. The sink-source relationship is regarded as an important factor in the determination of fruit size (Bohner and Bangerth, 1988; Brummell et al., 1997; Ho et al., 1982 Ho et al., /1983 . Most fruits can be classified as utilization 1992). Many researchers have investigated sink strength and activity during the later phases of fruit development (Sonnewald and Willmitzer, 1992; Guan and Janes, 1991; Wang et al., 1993; Sun et al., 1992; Yelle et al., 1991) , but these studies usually fail to address the role of sink function from the developmental point of view. This study revealed that genetic factors or temperature changes the character of melon fruit as a utilization sink.
Interesting results were obtained from a comparison between fruits of the same melon genotype cultivated at different temperatures ( Table 2 ). The same relationship was observed between final fruit size and the number of greater than that in fruit cultivated in cooler conditions. shown in the model of melon fruit development (Fig. 4) . 
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